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(57) A patient programmer for facilitating patient 
control over an implanted medical device, such as an 
implanted spinal cord stimulator or the like : is disclosed. 
A programmer in accordance with the present invention 
is a portable, light-weight, easy to use patient program- 
mer. The programmer enables a patient to control the 
operation of his or her implanted device outside of a clin- 
ical setting. The programmer incorporates features 
which ensure that users of varying ages, education lev- 
els, dexterity levels, physical and mental health will be 
able to safely control the operation of their implanted 
devices, within predefined limits established by a phy- 
sician or clinician. Circuitry is provided for avoiding bat- 
tery depletion and/or undesired programmer/implanted 
device communication in the event that the program- 
mer's key is accidentally depressed (for example, due 
to being jammed into a purse or pocket) or is depressed 
repeatedly or continuously over an extended period of 
time. The programmer provides tactile, audible, and vis- 
ible feedback to the user to convey information regard- 
ing the proper (or improper) operation of the program- 
mer and the implanted device. In one embodiment, the 
device includes a beeper and light-emitting diodes 
(LEDs) to indicate, for example, that a desired program- 
ming function has been successful or unsuccessful. 
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[0001 ] This invention relates generally to the field of body-implantable medical device systems, and more particularly 
to a programming apparatus for a body-implantable human tissue stimulator 

[0002] In the medical field, various types/of automatic, body-implantable devices are known and commercially-avail- 
able One of the more common types of body-implantable devices is the cardiac pacemaker, which operates to deliver 

?S So® ' m o I" 9 PUlSGS t0 3 patient ' S heart A cardiac P acem aker is disclosed, for example, in U.S. Patent No 
5,052,388 to Sivula et al, entitled "Method and Apparatus for Implementing Activity Sensing in a Pulse Generator"' 
Implantable cardioverters defibrillators, and drug pumps are other examples of presently avertable automatic implant- 
Tlla <Lf f S \^ n GXamP 3 combination Pacemaker/cardioverter/defibrillator is described in U.S. Patent No 

D^nSUl^^n ^fr^FT* f ° r Arm * hmia Detecti ™ b V ^nations in the Transcardiac lm- 

pedance Between Defibrillation Patches. 

[0003] It has also been proposed in the prior art to provide implantable tissue stimulators for controlling nerve or 
muscle response, for alleviating pain, or to treat various neurological and/or physiological disorders, such as cerebral 
K2£ f ke ' Exam P' es of such devices are discussed in the following U.S. Patents: U.S Patent No 

4 .232,679 i to Schulman entitled "Programmable Human Tissue Stimulator;" U.S. Patent No. 4,735.204 to Sussman 
, w "m . yStSm ControMin 9 an ^Planted Neural Stimulator;" and In U.S. Patent No. 4,793,353 to Borkan 
entitled Non-Invasive Multiprogrammable Tissue Stimulator and Method." 

[0004] A commercially-available example of an implantable tissue stimulator is the Model 7425 Itrel™ 3 Implantable 

s^ZTT?r U l aCt T d ? V Med r° niC ' ' nC - Minnea P° lis - Minnesota. The Itrel™ 3 is a spina, cord stimulating 
system prescnbed to alleviate chronically-recurring pain. 

10005] It is very common for automate implantable devices to be non-invasively controllable by means of an external 
programming apparatus of some sort, so that an implanted device's operational modes and/or parameters may be 
adjusted, for example to optimize its therapeutic efficacy or in response to post-implant changes in a patient's condition. 
Often, such non-invasive control is exercised by a physician in a clinical setting 

[0006] Perhaps one of the simplest arrangements for facilitating non-invasive control of an implanted device involves 
providing a magnetic reed switch in the implantable device. After implant, the reed switch can be actuated (closed) by 

5^£-,ITh 9n ? ° Ver imP ' ant RSed SWftCh C '° SUre may the " be USed ' for exam P' e - to alternately activate and 
deactivate the device. Alternatively, some variable parameter of the device (e.g., the pacing rate of an implantable 
cardiac pacemaker) can be adjusted up or down by incremental amounts based upon the duration of the reed switch 
hllTJ 7 ■ ? nt S ° hemeS Uti ' i2ing 3 reed Switch 10 ad ' ust operational parameters of medical devices 

uTpTn d rs p ^ 

a. u S " plnt M ' ?^c 6 JL°^ OVItS: , U S - PatSnt N °- 3 ' 631 ' 860 10 L °P in ; U S - Paterrt N °- 3-738.369 to Adams et 

» s PaJnt No 4 7,, tiff 1 f ° ^ Jr ;= U Pat6nt N °- 4 '° 66 ' 086 10 Alfemess et al ^ and the above-reference U. 
^5 b. Patent No. 4,735,204 to Sussman et al. 

[00071 Although the relatively simple reed-switch closure arrangement is suitable for the purposes of controlling or 
S 8 , number of operational parameters or modes of an implanted device, it has proven beneficial to 
provide a means for more efficiently communicating programming information to an implanted device, so that a greater 
40 2£££L 1 ' "f.T? S ,Tf in9 pararnelers can be ad i" s ^. In state-of-the-art cardiac pacemakers, for 

^^V^ ^ e ;yP eso, P ro 9 ramm able P arametersincludes:up P erandlower pa cingratelimits.stimui a iing 
, amplrtude. sense amplifier sensitivity, pacing mode, activity- or rate-response settings (e.g.. pacing 
rate acceleration and deceleration, activity threshold, activity detection criteria, andthelike). A- V delay t.-mes refractory 
and blanking penods, and so on. It has also proven desirable for implanted devices themselves to be able to commu- 
nicate information to an external programming apparatus. 

T^L J^^Tl 6 ? ,0regoin9 considerations, various telemetry systems for providing the necessary commu- 
nications channels between an external unit and an implanted device have been developed. Telemetry systems are 
disclosed, or example, ,n the following U.S. Patents: U.S. Patent No. 4,539,992 to Calfee et al. entitled "Method and 
. P .f ! "I Communicating With Implanted Body Function Stimulator"; U.S. Patent No. 4,550,732 to Batty Jr et al 
so rSfLfTlr PrOCeSS f ° r Enab,in9 3 Predefined Fun <=tion Within An Implanted Device"; U.S. Patent No' 
ti li^l°,^ m entit ' ed " Biomedical 'mplant With High Speed, Low Power Two-Way Telemetry"; U.S. Patent 
f ' °" entit ' ed " Circuit,or Controlling a Receiverin an Implanted Device"; U.S. Patent No 5 127 404 

to Wyborny et al. entitled Telemetry Format for Implanted Medical Device"; U.S. Patent No. 4,21 1 ,235 to Keller Jr et 

Te£^^T"Z l0 J ^ anted DeViC6 ° : US " PatSnt N °- 4 ' 374 ' 382 10 Markowta entitled barker Channel 

ss 2t232SS5 ; us - Patent No 4 ' 556 ' 063 10 Thompson et al entitled " T - tam *y s * stem 

■ T T Ca " y ' ! Glemet,y s y stems such as those described in the above-referenced patents are employed in con- 

n~T a ?' T llT pro 9 rammin 9 / P rocessi n9 unit. One programmer for non-invasively programming a cardiac 
pacemaker ,s described in its vanous aspects in the following U.S. Patents to Hartlaub et a... each common?, assigned 
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to the assignee of the present invention: U.S. 

Patent No. 4,250,884 entitled "Apparatus For and Method Of Programming the Minimum Energy Threshold for Pacing 
Pulses to be Applied to a Patienfs Heart"; U.S. Patent No. 4,273,132 entitled "Digital Cardiac Pacemaker with Threshold 
Margin Check"; U.S. Patent No. 4,273,133 entitled Programmable Digital Cardiac Pacemaker with Means to Override 

s Effects of Reed Switch Closure"; U.S. Patent No. 4,233,985 entitled "Multi-Mode Programmable Digital Cardiac Pace- 
maker; U.S. Patent No. 4,253,466 entitled "Temporary and Permanent Programmable Digital Cardiac Pacemaker"; 
and U.S. Patent No. 4,401 ,120 entitled "Digital Cardiac Pacemaker with Program Acceptance Indicator". 
[001 0] Aspects of the programmer that is the subject of the foregoing Hartlaub et al. patents (hereinafter "the Hartlaub 
programmer") are also described in U.S. Patent No. 4,208,008 to Smith, entitled "Pacing Generator Programming 

to Apparatus Including Error Detection Means" and in U.S. Patent No. 4,236,524 to Powell et al., entitled "Program Testing 
Apparatus". 

[0011] U.S. Patent No. 5, 172,698 discloses a portable patient programmer for an implanted device, having the 
features of the preamble of claim 1 . 

[001 2] Most commonly, telemetry systems for implantable medical devices employ a radio-frequency (RF) transmitter 
is and receiver in the device, and a corresponding RF transmitter and receiver in the external programming unit. Within 
the implantable device, the transmitter and receiver utilize a wire coil as an antenna for receiving downlink telemetry 
signals and for radiating RF signals for uplink telemetry. The system Is. modelled as an air-core coupled transformer. 
Examples of such a telemetry system are shown in the above-referenced Thompson et al. '063 and Hartlaub et al. '1 20 
patents. 

20 [0013] In order to communicate digital data using RF telemetry, a digital encoding scheme such as is described in 
U.S. Patent No. 5,127,404 to Wyborny et al. entitled "Improved Telemetry Format" is used. In particular, for downlink 
telemetry a pulse interval modulation scheme may be employed, wherein the external programmer transmits a series 
of short RF "bursts" or pulses in which the during of an interval between successive pulses (e.g., the interval from the 
trailing edge of one pulse to the trailing edge of the next) encodes the data. In particular, a shorter interval encodes a 

25 digital "0" bit while a longer interval encodes a digital "1" bit. 

[0014] For uplink telemetry, a pulse position modulation scheme may be employed to encode uplink telemetry data. 
For pulse position modulation, a plurality of time slots are defined in a data frame, and the presence or absence of 
pulses transmitted during each time slot encodes the data. For example, a sixteen position data frame may be defined, 
wherein a pulse in one of the time slots represents a unique four bit portion of data. 

30 [0015] Programming units such as the above-described Hartlaub et al. programmer typically interface with the im- 
planted device through the use of a programming head or programming paddle, a handheld unit adapted to be placed 
on the patient's body over the implant site of the patienfs implanted device. A magnet in the programming head effects 
reed switch closure in the implanted device to initiate a telemetry session. Thereafter, uplink and downlink communi- 
cation takes place between the implanted device's transmitter and receiver and a receiver and transmitter disposed 

35 within the programming head. 

[0016] State-of-the-art implantable medical device programmers, as exemplified by the Model 9760 programming 
unit, manufactured by Medtronic, Inc., Minneapolis, Minnesota, facilitate the non-invasive control of a full range of 
operational and diagnostic functions of implanted devices. Accordingly, such programming units are typically used by 
physicians or other medical personnel in a clinical setting, so that the patienfs condition can be carefully monitored 

40 during the programming session. Those of ordinary skill in the art will appreciate, however, that in some cases it may 
be desirable to provide means for allowing the patient to exercise some degree of control over device operation, even 
outside of the clinical setting. It is desirable, for example, for a patient with an implanted spinal cord stimulation system 
to be able to trigger the device to deliver a stimulating pulse whenever the patient experiences an episode of pain that 
the device is intended to alleviate. 

^5 [0017] To address the need for patient control of an implanted device, so-called patient programmers, such as the 
Medtronic Model 7433, were developed. The Model 7433 was designed to faclltate patient control over Medtronic 
implantable lissue stimulators. In operation, the Model 7433 was placed over the implant sile and a downlink telemetry 
link was established, whereby a single cycle of stimulation could be initiated by the patient. 

[0018] Although the Model 7433 patient programmer has proven satisfactory for its intended purpose, it is beleived 
50 that the present invention represents an advancement over the prior art, as exemplified by the Model 7433, in several 
aspects. In particular, it is believed that no prior art programmer intended for use by patients, has incorporated features 
in recognition of factors such as the varying characteristics of potential patients who will use a patient programmer, 
including such potential patients' age, education, dexterity, and physical and mental health. 

[0019] Accordingly, the present invention relates to a patient programmer for facilitating patient control over an tm- 
55 planted medical device, such as an implanted spinal cord stimulator or the like. 

[0020] In accordance with the present invention, a portable, light-weight, easy to use patient programmer is provided 

for enabling a patient to control the operation of his or her implanted device outside of a clinical setting. 

[0021] The programmer in accordance with the disclosed embodiment of the invention incorporates features which 
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stizr^r^zr- 8 y**^"**** dexterity ieveis - physicai and men,ai » «** 

ThT n the ' r , ,mpl£?n t ted dev,ces - wrth ' n Predefined limits established by a physician or clinician, 
comprising ' * ^ P"*"""" for an implanted device, said programmer 

5 

a main housing, configured to be held in a user's hand; 

a batteiy disposed within said housing; 

a plurality of user keys, disposed on said main housing- 

l^Z^tZT"' disposed wrthin said housing and operath,e to receh,e up,ink teiemet * ,rom 

a control circuit, disposed in said main housing and coupled to said user keys, and said battery said control circuit 

Srcrman^nT 0 " * 7* ■°' T * ^ to ^ < X£SS oTol 

said command and parameter signals to said implanted device. 

?S accordance with one embodiment of the invention, circuitry is provided for avoiding battery depletion and/ 
1« 7« P r °9 rammer/im P' an ted device communication in the event that the programmers keyTaSd^ Sy de 

ss^ssEir 0 bein9 jammed ^^^^^^^^losss^z 

moianttd rtJSj p , V '"'T^' 0 " re 9 ardin 9 «»» P ro Per (or improper) operation of the programmer and the 

panted device. For example, the device includes a beeper and light-emitting diodes (LEDs) to indicate for example 
that a desired programming function has been successful or unsuccessful example, 
[0025] The above-described and other aspects of the present invention may be better understood and aooreciated 

i F nSe U n«onT a ° f 3 handhe,d P atien, P ro 9rammer in accordance with one embodiment of the present 

^0^^ 3 ** ^ °* 3 <r ° nt P ° rti ° n ° f "* pr °9 rammer from ^ ' • with the battery compartment cover 
Figure 3 is a bottom view of the programmer from Figure 1 

Fioule ^ £ 3 " i " ustration f °; the Programmer from Figure 1 being placed over a patienfs implant site; 

fS e 6 s a bSicT * ^T"^ f rom R 9 ure 1 as " * P' a ^d over a patienfs impfant site; 
Rg^re 6 .s a block diagram of circuitry within the programmer from Figure 1 • 
Figure 7 is a schematic diagram of the circuitry within the programmer from Figure 1 ■ 
Figure 8 is a pinout diagram of an integrated circuit in the circuitry from Figure 7 and 

drcutto^ Figure J 9 iHUStratin9 ' ^ SamP " n9 *" debouncin 9 s cheme imp.emented in the integrated 
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40 MECHANICAL DESCRIPTION 
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embodiment 5ffi!£7 ' , V*™" * perspective view ° f a P a « a "t programmer 1 0 in accordance with one 
use bv Intn P h mVent,0n - Pr °9 ram mer 10 is a small, handheld, battery-powered programming device for 
embSlT f ^ Pat ' entS 10 COntr0 ' and monitor the °P eration of their implanted devices The d^Sosed 
^70^^ 

Cl*l^ ato deSCr - bed 9rea,er detail> P r °9 ramma r 10 includes a downlink radio-frequency (RF) 
RF r^I to t ?k 9 Pr °9 rammi "9 Signals to an implanted pu.se generator (not shown in Figure 1 ), and anTipHnk 
RF receiver to monitor the programming process and pulse generator status. Programmer 10 may be used in the 

EEIttiE^? 0 ^ °l t0 tUm the PU ' Se 9— at - - a "° °ff. -imi'ar to the'lgnel unct n 
°0 2 ^alsoZSon , r 6 ^ 3 eSC " bed abOW - UnNke ma 9 ne "^ ^itch configurations, however programmer 
l^rootmrn^l, h , ° ^T"" 0 adjUSt "**> and pulse width withi " lowe rand upper limtts which 

Model 9760 or Hartlaub programmers. In this sense, those of ordinary skill in the art will appreciate that programmer 

pZIZTT W V he Pr6Sent inVenti ° n iS n0t in,endSd 38 3 Subst * ute a conventional physiln 
mnlfttT V T ^ f6Wer ° r dWerem P r °9ramming capabilities than a physician programmer Pr ° 9rammer 
dJSL I J1T ?TT S r° Wn ' thS UP "' nk RF r6Ceiver in P ro Srammer 10 permits monitoring of the implanted 
device s battery dep.et.on level, and the implanted device's on/off status. In other embodiments it cou.d also indicate 
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other status conditions or physiological parameters of the user. 

[0029] With continued reference to Figure 1 , programmer 1 0 comprises a main outer housing 1 2, which is preferably 
made of injection-molded ABS and polycarbonate, hard plastic, or another suitably rugged material so as to be light- 
weight, yet not be easily damaged when carried by a patient for example in a purse or pocket, or even dropped onto 

s the floor. A battery compartment cover 1 4 is disposed on a top surface of programmer 1 0. A clip 1 6 or other fastening 
mechanism may be disposed on a back end of programmer 10, to facilitate opening of the battery compartment for 
battery replacement. Figure 2 is a partial top view of programmer 10 with battery compartment cover 14 removed. As 
shown in Figure 2, also disposed within the battery compartment and protected by battery compartment cover 14 is a 
parameter control switch 17 and a volume control switch 18, the functions of which to be hereinafter described in 

io greater detail. 

[0030] As shown in Figures 1 and 2, a plurality of user keys 1 9, 20, 21 , and 22 are disposed on the upper surface 
of programmer 1 0, the functions of which will be hereinafter described in greater detail with reference to later Figures. 
Keys 1 9, 20, 21 , and 22 preferably have a mechanical detail to give sensory indication to the user when sliding a finger 
from one key to another. 

1$ [0031] On the front end of programmer 1 0, an external antenna jack 26 is provided for receiving a connector 27 from 
an optional external antenna 28. A flip-down cap 29 is provided to protect antenna jack 26 when no external antenna 
is used. The use of external antenna 28 eliminates the need to place programmer 10 over the implant site during patient 
programming sessions. This can be helpful for a patient who cannot easily reach his or her Implant site, due either to 
the patient's physical condition or to the location of the implant site. Antenna 28 may be provided with an adhesive 

20 disc so that it may be affixed stably over the implant site during a patient programming session. 

[0032] As will be appreciated by those of ordinary skill in the art, the overall configuration of programmer 1 0 is gen- 
erally smooth and curved so as to fit comfortably in a patient's hand, with keys 1 9, 20, 21 , and 22 being readily accessible 
on the programmer's upper surface. Disposed along each side of housing 12 are resilient finger grips 30 (only one of 
which is visible in the view of Figure 1 ), which further facilitate comfortable and stable gripping by the patient. 

25 [0033] On the underside of programmer 1 0, which is illustrated in the bottom view of Figure 3, are disposed a plurality 
of light-emitting diodes (LEDs) 32, 34, 36, and 38. (Those of ordinary skill in the art will appreciate that LEDs 32, 34, 
36, and 38 are preferably disposed within housing 12 and are merely visible through translucent windows in housing 
12. For simplicity, reference numerals 32, 34. 36, and 38 will be used herein to refer to the individual LEDs which are 
visible on the underside of programmer 1 0 due to this conventional arrangement.) LEDs 32, 34, 36, and 38 are implanted 

30 device and programmer status indicators, as will be hereinafter described in greater detail. 

[0034] Also shown in Figure 3 is a "cross-hair" diagram and associated legend, designated generally with reference 
numeral 40, which are imprinted on the underside of programmer 10 to assist the patient in proper positioning of 
programmer 10 over the implant site during a patient programming session. Legend 40, which reads, e.g., "Center 
This Programmer Over Your IPG " instructs the patient where to place programmer 1 0 so that uplink RF signals trans- 

35 mitted from an implanted device can be received by the internal antenna (not shown) of programmer 1 0, and conversely 
so that downlink telemetry signals transmitted from programmer 1 0 can be received by the implanted device's internal 
antenna. This is depicted in Figures 4 and 5, wherein a patient 42 has placed programmer 10 against his or her body 
over the implant site of a device 44 in a conventional lower abdominal region of patient 42. Downlink RF telemetry 
signals are represented by dashed lines 46 in Figure 5. 

40 

ELECTRICAL DESCRIPTION 

[0035] Turning now to Figure 6, there is shown a block diagram of the internal circuitry of programmer 10. At the 
heart of the circuitry represented in Figure 2 is a custom integrated circuit (IC) 50 to be hereinafter described in greater 
45 detail. As shown in Figure 2, keys 19, 20, 21 , and 22 are coupled to inputs of IC 50, as are pulse control switch 17 and 
beeper control switch 18. 

[0036] As previously noted, programmer 1 0 includes a downlink telemetry RF transmitter, designated with reference 
numeral 52 in Figure 6, and an uplink telemetry RF receiver, designated with reference numeral 54 in Figure 6. Trans- 
mitter circuit 52 is coupled to a DOWNLINK DATA OUT terminal of IC 50, while receiver circuit 54 is coupled to an 

50 UPLINK DATA IN terminal of IC 50. The output from transmitter circuit 52 is applied to an internal antenna 56 via 
external antenna jack 26 previously noted with reference to Figure 1 .Optional external antenna 28, previously described 
with reference to Figure 1 is also removably coupled to antenna jack 26. The connection between transmitter circuit 
52 and internal antenna 56 is made via antenna jack 26, to facilitate the disabling of internal antenna 56 when external 
antenna 28 is plugged into jack 26, in accordance with common practice in the art. 

55 [0037] Antenna jack 26 is also coupled to an input of receiver circuit 54, so that uplink telemetry signals received by 
internal antenna 56 (or by external antenna 28) may be applied thereto. Uplink telemetry signals received by receiver 
circuit 54 are then applied to the UPLINK DATA IN terminal of IC 50. 

[0038] A beeper, designated with reference numeral 58 in Figure 6, is coupled to IC 50 to receive a control signal 
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In" gSe?dS er 58 * ^ ^ - ™» be hereinafter described 

ESL t 9 * V0,t b f ^ h ° USed Wlthin thG battery com P art ^nt of programmer 1 0 previously described with reference 

32 Tie ' ^^SfS P° Wer T tS (n0t Sh ° Wn) ° f ,C 5 °' ^-^clrcuit K^cSSS 
32 34, 36 and ^ and beeper 58. For simplicity, the connections between the battery and these elements are not 

iZ^5S££ 50 indUdeS V ° ,ta9e re9U,ati ° n S ° that * Can Pr ° vide a -gulated Se S^lS 

^dlaX^ Se 6 WiT I" *! 7" 3 d8taNed SCh6matiC dia9ram ° f the internal in 
d.ock diagram form in Figure 6. Elements of Figure 7 which are identical to those discussed with reference to Fiaure 

6 have retained identical reference numerals in Figure 7. The 9-volt battery described wS refe^ 
l^otT ^ eferen ^ num ( f ra, 60 >" 7. in the following Table 1 , there is set forth a cSS^T^^ 

components shown in the schematic diagram of Figure 7, along with their respective component values 

TABLE 1 



COMPONENT 



C1 



C2 



C3 



C4 



C5 



C6 



C7 



C8 



C9 



C10 



C11 



C12 



C13 



C14 



C15 



C16 



C17 



C18 



R1 



R2 



R3 



D1 - D4, D6 - D24 



D5 



L2 



Q1 



Q2 



Y1 



VALUE || 



0.1u.F 



0.1uP 



0.01u.F 



1800pF 



0.1u.F 



0.047U.F 



0.033u.F 



0.001 ^F 



1800Pf 



0.01 u.f 



0.1 u.f 



0.001 u.f 



0.01 jxf 



0.1 



10[if (tantalum) 



0.1|xf 



33pF 



33pF 



2oon 



432i2 



43012 



DIODES 



LL103 SCHOTTKY 



420^iH 



SI9952DY 



SI9952DY 



5.6MHz OSC. 



TDA3047 IC 



[0041] As : shown in Figure 7, Beeper Switch 1 8 disposed within the battery compartment of programmer 1 0 is a 
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throo-posilion switch for enabling the user to turn the beeper off or select one of two resistors (R1 and R2 in Figure 7) 
fo' volume settings lor beeper 58 Parameter Select Switch 17, also disposed within the battery compartment, is a 
th'cc-pcsition sw tcr for defining the function of INC and DEC keys 1 9 and 20. Depending upon the position of switch 
17 INC and DEC Wcys 19 and 20 function to increase and decrease, respectively, the amplitude, rate, or pulse width 
of stimu atmq pulses delivered by implanted device 44. 

(0042) IC 50 is secuciccd by a 5 6 MH/ clock The oscillator time base is an external ceramic resonator designated 
as Y* m Figure 7 Capacitors C17 and Ci8 rcqjircd for resonator Y1 are preferably on-chip in mask-programmable 
fo'm selectable up to 32 pF External capacitors may also be used for fine-tuning. 

INTEGRATED CiRCUrR v 

(0043) Rcq^ramg custom IC 50 m tnc presently preferred embodiment of the invention, it is implemented as a logic 
stnie maenmc controller wuch generates a serial b t pattern for RF downlink telemetry with data retrieved from an on- 
board RDV IC 50 p ovides d-rve signals to LED 38 IC 50 also provides drive signals to LEDs 32, 34, and 36, and to 
beeper 58 based upon scr ai bit pattens rocerved as uplink transmissions from implanted device 44. Uplink telemetry 
signals arc ocnoduinted by an Integra :cd ctrzw designated as U2 in Figure 7. 

(0044) Wnn -cfcrcncc new to Figure e wn»cn shows IC 50 from the circuit of Figure 7 in isolation, the following Table 
2 sets forth the p»n Definition lor C 50 



TABLE 2 



PIN NO. 


SYMBOL 


DESCRIPTION 


1 


XACCSELO 


Access code select pin. To be at Vdd or left open via 
PC board layout. This pin, in conjunction with 
XACCSEXi mnj XACCSEL2, will select pulse generator 
access coO«s Thtft pin to be binary least significant bit 
(LSB> interna pulldown to Vss. 


i 2 


XACCSEL1 


Access code select pin. To be at Vdd or left open via 
PC board layout. This pin, in conjunction with 
XACCSELO end XACCSEL2, will select pulse generator 
access codes. Internal pulldown to Vss. 


3 


XACCSEL2 


Access code select pin. To be at Vdd or left open via 
PC board layout. This pin, in conjunction with 
XACCSELO and XACCSEL1 , will select pulse generator 
access codes. This pin to be binary most significant 
tM IMS8* Internal pulldown to Vss. 


4 


TCK 


Te»i pm% TAP controller test clock input. Internal 
pji>uo to Vdd 


I 5 


TMS 


Test pen TAP controller machine state control. 
Interna* pufiup to Vdd 


6 


TOO 


Test p*v TAP controller data output. 


7 


TOI 


Test p*v TAP controller data input. Internal pullup to 
Vdd 


8 


XONB 


Keyboard input pin. When at NVdd, provides ON code 
downlink signal. Internal pullup to Vdd. 


9 


XOFFB 


Keyboard input pin. When at NVdd, provides OFF 
code downlink signal. 



PIN N 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 

20 

21 

22 
23 

24 

25 

26 
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SYMBOL 



DESCRIPTION 



XINCPB 



Keyboard input pin. Implanted device 44 will respond 
to the INC command only if in the IPG ON state. 
When at NVdd, this pin provides CH 1 INC code 
downlink signal for parameter selected by state of 
XRTSELB and XPWSELB per the following: 



PARAMETER PIN 20 PIN 21 
AMPLITUDE 1 1 
RATE o 1 

PULSE WIDTH 1 0 

(0 = NVdd, 1 = Vdd) 



XDECPB 



Keyboard input pin. When at NVdd, provides DEC 
downlink signal for parameter selected by the state of 
XRTSELB and XPWSELB to downlink as for XINCPB 
(see description for pin 10 above). Internal pullup to 
Vdd. 



XINCSB 



Reserved for future functions. 



XDECSB 



Reserved for future functions. 



XEPIB 



Reserved for future functions. 



XF1B 



Reserved for future functions. 



XF2B 



Reserved for future functions. 



XBCHKB 



XMSBPAR 



Reserved for future functions. 



Reserved for future functions. 



XRTSELB 



Input pin to select Rate (see description of XINCPB pin 
.10 above). Internal pullup to Vdd. 



XPWSELB 



Input pin to select Pulse Width (see description of 
XINCPB pin 10 above). Internal pullup to Vdd. 



XCH1SELB 



Reserved for future functions. 



XRXDATA 



Receive uplink data input from RF demodulator IC U2. 



VSS 



Negative logic power supply pin brought out for 
capacitor filter. Vss = Vdd - (1.4 ± 0,3 volts) 



RFGND 



Negative battery input (NVdd) for driving RFP and RFN I 
outputs. 



RFP 



Pulse interval modulated 175 kHz, RF output from IC 
50. Used to drive external RF output transistors Q1 
and Q2. Output must switch between Vdd and NVdd 
supply rails. During uplink reception, this pin is at 
NVdd. Inverse of XRFN. 



RFN 



Inverse of XRFP. 
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PIN NO. 


SYMBOL 


DESCRIPTION 1 


5 


27 


RFPWR 


Positive battery input <Vdd) for driving RFP and RFN 
outputs. 




28 


VREF 


VREG filter/oxide stress test. 


to 


29 


VREG I 


Switched, regulated, negative power supply for 
external receiver IC U2. Regulated at 5 volts 
referenced to Vdd. Capable of sinking 3 mA. 




30 


VBEJDUT 


Internal power supply pin brought out for capacitor 
filter. 


15 


31 


PBIAS 


Internal power supply pin brought out for capacitor 
filter. 




32 


D!G_RST 


Test pin, input. Resets functional digital logic. Internal 
pulldown to Vss. 


20 


33 


NVOD 


Negative 9 volt battery power supply pin. 




34 


XBPRB 


Beeper driver output. Provides an open drain FET that 
sinks beeper current to NVdd to activate beeper. 




35 


LEDGND 


NVdd power supply pin for LEDs 32, 34, 36, and 38. 


25 


36 


XPBLED2B 


LED output identical in function to XPBLED1B (pin 37 
below). 


30 


37 


XPBLED1B 


Low battery indicator. Turns on, or blinks, for six 
seconds upon any patient key depression if the battery 
is good or low, respectively. LED indication triggered 
by any key push, regardless of the presence of uplink 
signal. LED to remain off if programmer battery is at 
or below end-of-life (EOL) 


35 
40 


38 


XEPILEDB 


Reserved for future functions. 


39 


XIBLEDB 


indicator LED for status of implanted device's battery. 
Turns on, or blinks, for six seconds, each time the 
RXDATA indicates that the implanted device's battery 
is good or low, respectively. LED to remain off if 
implanted device's battery is at or below EOL. 


40 

• 


XOFFLEDB 


LED for indicating that implanted device 44 is off. 
Turns on for six seconds each time the RXDATA 
indicates that implanted device 44 is off. 


45 


41 


XONLEDB 


LED for indicating that implanted device 44 is on. 
Turns on for six seconds each time the RXDATA 
indicates that implanted device 44 is on. 


50 


42 


XOSC1 


Input pin for crystal or ceramic oscillator Y1 to control 
frequency of IC oscillator. Frequency - 5.6 MHz (an 
integer multiple of 175 KHz to enable same oscillator 
to generate system clock and RF data pulse drive. j 




43 


XOSC2 


See description for XOSC1 above. 


55 


44 


VDD 


Positive 9 volt power supply pin. Vdd is considered to 
be chip ground. 
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[0045] In accordance. wilh one aspect of the present invention, an on-chip "watchdog timer" counts successive bad 

ao^ZT dUfin9 , T COn, ' nUOUS k6yPreSS ° f 3ny key " ™ s detects a ** 2 iSpSS for^ended 
h " L Jm T IT* Pr ° sranm0r 1 0 is i*™™* in « a user's pocket or purse. When 32 consecutive ba uSSm 
. o no v-M upmk.) arc counted wheh would occur if a key were depressed when progwnn^^nonSttJ 
LI' „ * r dC,C,n,mCC pcflod of LEDs 32, 34, 36, and 38 are deactivated, a£a££?tZ2£ 
Ic-ns-n.ss.cns arc tcrm.na.cd Also the regulated voltage Vreg is turned off to power-down the receTver IC U2 t2 

sssrjssrs: wc opcra,ion 15 res,ored 400 mi,nsec ° nds *— °< ^ u2 - Th,s 

, L T rtCC0,dancc w,,h ,hc P roscn 'V disclosed embodiment of the invention, upon the next keypress after 
IZT' Z : ,C 50 ° pera,eS ,0 cause a shutd °«n after o* 

STSTl.; O' oco,c "™^ Pc«»d of t mc. unless a good uplink is received. This further SSSS^Sn 

SET IC SC a* Lo Lh, P " 1S 36 37 ° f ' C 5 °- Wi " indicate batter V status seconds. 

KsocMtcd w m KS? 13 P TJ? W ' :h dCb0uncin 9 ca P abilit * w *" known to those of ordinary skill in the 
rZSr? V P ' nS 8 " ,oC50ln onc embodiment. IC 50 employs a timed sampling scheme to 

nmc mcrva is assorted w.tt- key ocp»ess.on a, c dcf.nod as shown in the timing diagram of Figure 9 The various 
fnc .ntervats ^nnfed .n P , gj ,o * «r C oc.ncd as set ?onn ,n the following Table 3: 



TA3LE 3 



HVfc JNIkKVA. LbSIGNAlCCN 




DESCRIPTION 


Tmimvp 


?6 


Minimum time for initial valid press 


Tminimvp 




Minimum time for multiple valid presses 


Tmmvr 




Minimum time for valid release 




\ 


Minimum delay (worst case) between initial button 
rxo&ses 


j T-nirmbpa 




Minimum delay (worst case) between multiple 
button presses 



1 bLtMfc \ HY 



E? °,Trf IZ^JZZ??* * * ° C:Crm,ned bV thS S6rial d3ta P^rammed into the ROM of 

ZZc « ! JT m , ? * r * fU ^'""iming information is encoded serially to implanted 

t£?u^^T£T*~ " * " art - ° a,a jS enC ° ded * the « me ^falling 

SSL r^,SZ? T 2 , r Cmt>OC ' m ^ , " " C * nyC,,,,0n ,h ° 32 d ° Wn,ink bKS B ° thro ^ h 631 are defined - 
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TABLE 4 





DESCRIPTION 


BIT NOS. 


VALUE (HEX) 


5 


Access code 


BO - B7 


varies with device 


10 


Parameter code 


B8 -B15 


INC DEC 
Rate 3C 3D 
Pulse Width 4C 4D 
Amplitude 5C oD 

ON/OFF = 60 


15 


i Parameter value 


B16 - B23 


ON = 01 
OFF = 00 

INC/DEC = don't care 




1 Error check word 


B24 - B31 


varies with transmission 



20 



[0050] The error check word is determined by calculation of the parameter and value codes only. Starting with the 
least significant bit (LSB) of the parameter, each parameter and value bit is sequenced through a cyclic redundancy 
check (CRC) equation, in accordance with known practice. 
25 [0051 ] Downlink is initiated by depressing any of the four user keys 1 9, 20, 21 , or 22. Depression of any key shorts 
a respective pin of IC 50 to NVDD. If two or more keys are depressed simultaneously, only one key will be recognized, 
with priority per the following Table 5: 



TABLE 5 



PRIORITY 


KEY 


J 1 


OFF (key 22) 


2 


DEC (key 20) 


3 


ON (key 21) 


4 


INC (key 19) 



[0052] If implanted device 44 is OFF, it will accept only the DEC (key 20) and ON (key 21) commands. If an unac- 
ceptable command is given, beeper 58 will beep three times. If an INC or DEC command is given (i.e., if keys 19 or 
40 20, respectively, are depressed), and the parameter is already at its respective limit (programmed by the doctor, as 
previously described), beeper 58 will beep three times. 

[0053] If any of the keys 19, 20, 21 or 22 remains depressed at the end of downlink, another downlink will be generated 
after a two-second delay. After this second downlink, downlink commands will be repeated once per second until the 
key is released. Generating repeated downlinks for INC and DEC keys 19 and 20 creates a parameter scrolling effect 
* 5 in implanted device 44 which is not undesirable, as the scrolling rate combined with the initial two-second delay prevents 
patients with poor finger dexterity from making too large of a parameter change. In this embodiment, downlink and 
uplink timings required by implanted device 44 prohibit repetition rates greater than once per second. However, in other 
embodiments this rate could be increased. 

[0054] Once any key 19, 20, 21, or 22 has been depressed, a second press will not be acknowledged until 120 
50 milliseconds after completion of the beeper function. This desensitizes the keys to prevent unwanted multiple key- 
presses from patients who have spasticity in their fingers. 

[0055] The actual downlink signal will be delayed for approximately 1 50 milliseconds to provide time for the receiver 
chip to stabilize for uplink reception. This delay is only for the first downlink command when the programmer comes 
out of the sleep mode. 

55 [0056] For uplink telemetry reception, IC U2 (see Figure 7) is used. IC U2 is an off-the-shelf receiver chip, such as 
the Signctics #TDA3047. IC U2 responds to uplink signals such as those transmitted by the Medtronic Model 7425 
Itrel™, IC U2 demodulates the digital bits in the uplink telemetry signal, and provides the demodulated bit stream to 
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75 



20 



Z ' P Z (XRXDATA). IC 50 d<?GOdeS the demodul «ted uplink code and then drives appropriate ones of LEDs 
32. 34 or 36. and beeper 58. In the presently preferred embodiment, an uplink transmission consists of 1 9 total RF 
of U e 5 achdownli ) nk nteCl ^ transmission is sent from ^planted device 44 1 2 ± 4 mSec after completion 

[0057] Uplink codes are accepted and processed following downlink whether downlink activation keys are subse- 
quently released or remain depressed. IC 50 responds to data from the last correct uplink signal received if a key 

ir^nff ™? Th * a,l0WS LEDs , 32 34 ' and 36 - and ^per 58 to 'unction property with the last uplink signal 
received .f programmer 10 is removed from the implant site of implanted device 44 with the user's finger still on a key. 
st,ll transm.tt.ng downlinks from too far a distance to be usable. LEDs 32, 34. 36. and 38 hold their indication status 
for six seconds after release of a key. to give the patient an opportunity to view them 

E.^h tran£mi,,oa b * im P ,anted device 44 " a "ad access code is received (i.e.. programmer 1 0 and 

iTreceived *"* ' nCOmpa,,blC) a bad error code fe received . ° r a " ^orrect pulse interval (indicative of noise) 

[0059] It is possible that h v-.i,c downlink can be received and executed by implanted device 44, but a correct uplink 
is not subsequently receded by programmer 1 0 due to electrical noise, radio-frequency interference, or quick removal 

hL^T 6 , IVT ,h ° ,^1PMn, S "° ' n ,h6Se si,uations . n ° L ED status will be indicated, except for programmer 
battery status LED 38 un.css „ prev.ousty received correct uplink has been retained as a result of scrolling. In nearly 
an programming cond.fons no =M.,cn. w,n feel the programmed change immediately; hence. LEDs 32. 34 36 and 
LT, 6Per 58 "" " (,<;i "' 0 to ' ,vt ' nicncc 10 fec <""i™ Wat the patient already has sensed 
[0060] Uplink b,ts h.u c^o** «m UJ U« .nterval modulation. Data is encoded by the time between leading edges 
of transmitted RF bursts .r ,*c present y preferred embodiment of the invention, the nineteen uplink bits have a format 
as set forth in the following 7<t)ie 6 



2S 



30 



35 



-10 



W5 



SO 



55 



TABLE 6 



DESCRIPTION 


BIT NOS. 


VALUE 


S»richfOOi/^tion bits 


B0-B6 


11111110 


C utpu! %\MQ 


B7 


ON - 1 
OFF = 0 


»r»Vrtl»d Command 


B8 


INVALID = 1 
VALID = 0 


impMnteo 3ovcc bnttcy status 


B9-B10 


UNDEFINED = 00 
END OF LIFE = 10 
OKAY = 01 
LOW= 11 


Hcsc'vcd lo' ph/sjcinn prog'rtmmer 


B11 -B12 


dont care 


Repeal 


B13-B19 


Repeat of B7-B12 



[0061] IC 50 senses up..-u synchrotron p-ts by looking for a logic one. and then waiting past the remaining ones 
unt.l a zero « detected Then , C 50 .cccpu „nd processes subsequent data. This means that if some of the firj? ones 
f«Lo, = m ' SSC: ' '° ,ccc,v0 ' **' r ccn,ro ' stabilization, uplink can still be properly received. 
[0062] Regarding LEDs 32 34 36 nnd 38 act.vat.on thereof is used to provide a visual indication of programming 

!nH^ a 09 ? m ??, r , b r nCry % ™ M LE ° 33 * rtC, ' Va,cd Whenever an * ke V * depressed. The remaining LEDs 32. 34 
^11 TT . 9 ,h ° tCCCOX °' an U3 " rk S ' 9nal with P***^ ones of LEDs 32, 34. and 36 lighting based 

Z Z\TTT nk S ' 9na ' ° n=0 LEDS 3Z - 36 ' and 38 remain on for six seconds aLr any 

key release. After th.s s.x-sccond t.me-out has exp.rod. IC50 enters a standby mode until a new key-press occurs 
This advantageously m nm^cs power consumption during standby to conserve battery life 

ESS. cf pre H Vi0US,y no,cd if a kc V '9 20 21 or 22 is held depressed after programmer 10 is removed from the 
mp ant site and one or more valid upl.nks have been received. LEDs 32. 34. and 36 will indicate status based upon 
the last good uplink receded .1 any key 1 9. 20 21 or 22 is subsequently pressed before a prior six-second LED timeout 
has expired, any of the LEDs 32 34. 36. or 38 tnat were on as a result of the first key depression will remain on until 

mer 2^2!^ In * °' 3 Va " d ^ " unsatisfactor v "P»* or no uplink is received, only Program- 

mer Battery Status LED 38 w,ll be act.ve. Programmer Battery Status LED 38 and implantable device battery status 
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LED 36 light to indicate a good respective battery, blink at a rate of 2 to 4 times per second if the respective battery is 
low, and remain off if the battery is at EOL. 

[0064] Although the presently disclosed embodiment of the invention utilizes a custom IC to control its operation as 
described above, it is contemplated that other implementations would be equally suitable. For example, it is believed 
that the present invention could be implemented using a general purpose microcontroller, microprocessor, or the like. 
Moreover, it is believed that those of ordinary skill in the art having the benefit of this disclosure would be readily able 
to realize a custom integrated circuit to implement the invention as described. 

[0065] From the foregoing detailed description of a particular embodiment of the invention, it should be apparent 
that a patient programmer for facilitating patient control over an implanted device has been disclosed. Although a 
particular embodiment of the invention has been described herein in some detail, it is to be understood that this has 
been done solely for the purpose of illustration the invention in its various aspects, and is not intended to be limiting 
with respect to the scope of the invention, which is defined in the appended claims, which follow. 
[0066] The present application is divided from EP-A-0939661 . 



Claims 

1 . A portable patient programmer for an Implanted device, said programmer comprising: 

a main housing (12), configured to be held in a 

user's hand; a battery, disposed within said housing; 

a plurality of user keys (19, 20, 21 , 22), disposed on said main housing; 

a telemetry receiver circuit (54), disposed within said housing and operative to receive uplink telemetry signals 
from said implanted device; 

a control circuit (50), disposed in said main housing and coupled to said user keys, and said battery, said 
control circuit responsive to actuation of each of said keys to control said transmitter circuit to transmit a 
predetermined one of said command and parameter signals to said implanted device. 

2. A programmer in accordance with claim 1 , wherein said control circuit is further responsive to continuous depres- 
sion of one of said plurality of keys for longer than a first predetermined period of time during which none of said 
uplink signals is received by said receiver circuit to disable said transmitter circuit until said at least one key has 
been released. 

3. A programmer in accordance with claim 2, wherein said control circuit is further responsive to the failure of said 
receiver circuit to receive an uplink telemetry signal after depression of one of said plurality of keys following said 
second predetermined period of time to disable said transmitter circuit for a third predetermined period of time. 

4. A programmer in accordance with claim 3 wherein said second predetermined period of time is less than said first 
predetermined period of time. 

5. A programmer in accordance with any preceding claim, further comprising: 

an external antenna connector, disposed on said main housing and adapted to receive a mating connector from 
an external antenna. 

6. A programmer in accordance with any preceding claim, wherein said programmer is operable to transmit a subset 
of said plurality of command and parameter signals. 

7. A programmer in accordance with any preceding claim, further comprising at least one visual indicator (32. 34, 36, 
38) disposed within said main housing and visible from outside said main housing. 

8. A programmer in accordance with any preceding claim, further comprising an audio indicator (58) disposed within 
said main housing and audible from outside said main housing. 
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(54) Handheld patient programmer for implantable human tissue stimulator 



(57) A patient programme* to' i*c:*«Uhnc; patient 
control over an implanted mcd<««> 3c\cc &jcr as an 
implanted spinal cord stimuui :>' or tnc i «s disclosed 
A programmer in accordance *«ir> t?v presen- invention 
is a portable, light -weight c*sy to use patient program- 
mer. The programmer cn*r>ics p^ncr*.: io con* rot the 
operation of his or her impinnteo dev cc ouiside ol a clin- 
ical setting. The programme incorporates features 
which ensure that users ot vHn/mg rt qcs education lev- 
els, dexterity levels physical and rrcnui ne*itn win be 
able to safely control the operator of tneir impunted 
devices, within predefined limits es:abtsncd by n phy- 
sician or clinician Circuitry ts uruvidcd lot avoiding oat- 
tery depletion and/or undcsircd programrncrnmpirtntcd 
device communication in the event that :nc program- 
mer's key is accidentally ccp'osscd (tor example due 
to being jammed into a purse or pocket) or is depressed 
repeatedly or continuously over an extondoc penod of 
time. The programmer provides tactile, audible, and vis- 
ible feedback to the user to convey information regard- 
ing the proper (or improper) operation of the program- 
mer and the implanted device In one embodiment, the 
device includes a beeper and light-emitting diodes 
(LEDs) to indicate, for example, that a desired program- 
ming function has been successful or unsuccessful. 
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